A black-pigmented, aerobic actinobacterium, tolerant to ionizing radiation, designated BMG 825 T , was isolated from desert limestone dust in Tunisia. The strain grew within the temperature range 10-40 C, at pH 5.5-11.0 and in the presence of 2 % NaCl. The DNA G+C content was 75.7 mol%, and its cell-wall peptidoglycan contained meso-diaminopimelic acid. Sugars of whole-cell hydrolysates were galactose, glucose, and trace amounts of ribose and mannose. The predominant menaquinone was MK-9(H 4 ), and the major fatty acids were iso-C 16 : 0 and C 16 : 1 !7c. The polar lipid profile comprised phosphatidylcholine, phosphatidylinositol, diphosphatidylglycerol, phosphatidylethanolamine, hydroxyphosphatidylethanolamine and an unspecified glycolipid. 16S rRNA gene sequence analysis revealed that the strain fell into the genus Geodermatophilus, showing the highest similarity with Geodermatophilus poikilotrophus DSM 44209 T (99.1 %). DNA-DNA hybridization results, phylogenetic distinctiveness and phenotypic properties supported the classification of this strain as a representative of a novel species of the genus Geodermatophilus, for which the name Geodermatophilus pulveris sp. nov. is proposed. The type strain is BMG 825 T (=CECT 9003 T =DSM 46839 T ).
A black-pigmented, aerobic actinobacterium, tolerant to ionizing radiation, designated BMG 825 T , was isolated from desert limestone dust in Tunisia. The strain grew within the temperature range 10-40 C, at pH 5.5-11.0 and in the presence of 2 % NaCl. The DNA G+C content was 75.7 mol%, and its cell-wall peptidoglycan contained meso-diaminopimelic acid. Sugars of whole-cell hydrolysates were galactose, glucose, and trace amounts of ribose and mannose. The predominant menaquinone was MK-9(H 4 ), and the major fatty acids were iso-C 16 : 0 and C 16 : 1 !7c. The polar lipid profile comprised phosphatidylcholine, phosphatidylinositol, diphosphatidylglycerol, phosphatidylethanolamine, hydroxyphosphatidylethanolamine and an unspecified glycolipid. 16S rRNA gene sequence analysis revealed that the strain fell into the genus Geodermatophilus, showing the highest similarity with Geodermatophilus poikilotrophus DSM 44209 T (99.1 %). DNA-DNA hybridization results, phylogenetic distinctiveness and phenotypic properties supported the classification of this strain as a representative of a novel species of the genus Geodermatophilus, for which the name Geodermatophilus pulveris sp. nov. is proposed. The type strain is BMG 825 T (=CECT 9003 T =DSM 46839 T ).
Twenty species are currently described within the genus Geodermatophilus (Hezbri et al., 2015a) , and several of these actinobacteria have been reported to be highly resistant to stresses known to give rise to reactive oxygen species such as gamma-radiation, UV and desiccation (Gtari et al., 2012; Hezbri et al., 2015a, b, c) . The genome (Ivanova et al., 2010) and recently published proteogenome of Geodermatophilus obscurus (Sghaier et al., 2016) provided a close-up view of mechanisms permitting adaptation to environmental stresses, which are mainly pigmentation, catalase production and repair of double-strand breaks through the non-homologous end joining pathway.
Strain BMG 825 T was isolated during an investigation about the dust microbial population in grooves in limestone cliffs from the Tunisian part of the Grand Erg Oriental (English: 'Great Eastern Sand Sea') in the Sahara desert. The sample collected initially was serially diluted in 0.85 % saline solution. Aliquots of each serial dilution were then spread on Luedemann medium (DSMZ medium 877) (Luedemann, 1968) and R2A agar (DSMZ medium 830) (Reasoner et al., 1979) , and incubated at 28 C for about 3 weeks. Thereafter, a dry, black colony designated BMG 825 T was isolated. The culture was sub-cultivated on Luedemann medium at 28 C for 7 days. Following purification, the organism was maintained in glycerol (35 %, w/v) stocks at À80 C for further investigations. Strain BMG 825 T was routinely grown on GYM Streptomyces medium (DSMZ medium 65) at 28 C for testing the physiological and biochemical properties, except where mentioned.
Cell morphology was observed on exponentially growing bacterial cultures with an optical microscope (AxioScope A1, Zeiss) with a 100-fold magnification and phase-contrast illumination. Micrographs of bacterial cells grown on GYM Streptomyces broth were taken with a field-emission scanning electron microscope (FE-SEM Merlin, Zeiss). Colonies and general cultural characteristics were observed from cultures growing at 28 C for 7 days on different media: GYM Streptomyces, R2A, ISP2 (Shirling & Gottlieb, 1966) and Luedemann media. For testing the Gram reaction, the KOH test (Gregersen, 1978) was used. Oxidase activity was determined using filter-paper discs (grade 388, Sartorius) impregnated with 1 % solution of N,N,N¢,N¢-tetramethyl-pphenylenediamine (Sigma-Aldrich) on fresh biomass. Catalase activity was analysed by observation of bubbles following the addition of one drop of 3 % H 2 O 2 . Additionally, nitrate reduction and hydrolysis of tyrosine (Gordon & Smith, 1955) , casein, starch, xanthine and hypoxanthine [for details, see Montero-Calasanz et al. (2012) ] were tested. The temperature range (5-60 C at intervals of 5 C) and pH range (pH 4-12.5 at intervals of 0.5 pH unit) were determined using GYM Streptomyces medium and ISP2 medium, respectively. The NaCl tolerance was tested on GYM Streptomyces medium supplemented with 1, 2, 3 and 4 % NaCl in triplicate after 5 days at 28 C. For enzymic activities, API ZYM test kits (bioMerieux) were used according to the manufacturer's recommendations. The API ZYM tests were read after 24 h of incubation at 28 C. The oxidation of carbon compounds was determined using GEN III Microplates in an Omnilog device (BIOLOG) T and Geodermatophilus ruber DSM 45317 T in parallel experiments. All strains were studied in two independent technical replicates. Data were exported and analysed using the opm package for R (Vaas et al., 2012 (Vaas et al., , 2013 v.1.0.6. Reactions yielding distinctly different results between the two replicates were regarded as ambiguous.
Biomass for chemotaxonomic studies was obtained by growing cells in GYM Streptomyces broth at 160 r.p.m. and 28 C until late exponential phase. Cells were harvested by centrifugation and then freeze-dried. Menaquinones (MK), polar lipids and whole-cell amino acids and sugars were identified as previously outlined by Montero-Calasanz et al. (2015) . Quantitative fatty acid analysis was carried out on cells from two independent biological repetitions grown at 28 C for 4 days on GYM Streptomyces agar plates, using the Microbial Identification System (MIDI) Sherlock version 6.1 (method TSBA40, ACTIN6 database) as described by Sasser (1990) . All chemotaxonomic analyses were conducted under standardized conditions with strain BMG 825 T and cultures of the same set of reference strains as listed in Table 1 .
The 16S rRNA gene was amplified and sequenced as described previously by Rainey et al. (1996) . The strain was identified using the sequence of the 16S rRNA gene on EzTaxon-e (http://eztaxon-e.ezbiocloud.net) (Kim et al., 2012) . Phylogenetic analyses and rooting of the inferred trees were conducted as previously described (MonteroCalasanz et al., 2013a) using the DSMZ phylogenomics pipeline (Meier-Kolthoff et al., 2014) adapted to single genes integrated in the GGDC web server (Meier-Kolthoff et al., 2013a) available at http://ggdc.dsmz.de/. Pairwise similarities were calculated as recommended by MeierKolthoff et al. (2013b) for the 16S rRNA gene available via the GGDC web server. DNA-DNA hybridization analysis was carried out as previously indicated by Hezbri et al. The DNA G+C content (mol%) was analysed by HPLC according to the protocol of Mesbah et al. (1989) .
Gamma-radiation-resistance determination for strain BMG 825
T was carried out according to the methods of Gtari et al. (2012) with G. obscurus DSM 43160
T (=G-20 T ) as positive control. The experiment was assayed using non-sporulating cultures obtained by growth in Luedemann medium supplemented with tryptose (Difco) (Ishiguro & Wolfe, 1970) . Cells were washed twice and homogenized in 1 ml 0.9 % NaCl solution. One millilitre of cell suspension of each strain was introduced into separate sterile 1.5 ml Eppendorf tubes and subsequently exposed to 1-10 kGy of gamma irradiation, at a dose rate of 63 319 Gy min
À1
, in a cobalt-60 source in the laboratory of the CNSTN, Sidi Thabet, Ariana, Tunisia. Afterwards, the cell suspensions were cooled on crushed ice, serially diluted in triplicate in 0.9 % NaCl, plated on solid Luedemann medium and incubated at 28 C. After incubation, as the number of bacteria initially used cannot be obtained directly and consequently, death rates cannot be computed directly by standard models based on logistic regression models, the median lethal dose (LD 50 ) and the lethal dose 10 (LD 10 ) values based on the c.f.u. ml À1 were computed for both strain BMG 825 T and G. obscurus DSM 43160 T using the R software packages mgcv (Wood, 2014 ) and lethal (Hofner, 2014) as initially described by MonteroCalasanz et al. (2014a) .
The morphological characteristics of strain BMG 825 T , namely black, pleiomorphic colonies and the presence of individual cubic cells and extracellular matrix enrobing cauliflower-like aggregates (dictyothalli), are typical of the genus Geodermatophilus (Ishiguro & Wolfe, 1970; Luedemann, 1968; Montero-Calasanz et al., 2015) (Fig. 1) . Strain BMG 825 T grew well on GYM Streptomyces, Luedemann and ISP2 media but not on R2A medium. No soluble pigments were produced on any of the test media. It tolerated temperatures ranging from 10 to 40 C with an optimal temperature between 30 and 35 C. Growth occurred with 1-2 % NaCl, but not with 3 % NaCl, and between pH 5.5 and 11.0 with an optimal pH range of 7.0-10.0. In addition, strain BMG 825 T could be differentiated from related species of the genus Geodermatophilus on the basis of several phenotypic characteristics (Table 1 , Fig. S1 , available in the online Supplementary Material).
The chemotaxonomic characteristics of strain BMG 825 T were consistent with the affiliation to the genus Geodermatophilus. Cell-wall contents included meso-diaminopimelic acid (Cell wall type III) as diagnostic diamino acid, in agreement with other species of the genus Geodermatophilus (Luedemann, 1968; Montero-Calasanz et al., 2015) . Wholecell sugar analysis detected the presence of galactose as diagnostic sugar (Lechevalier & Lechevalier, 1970) but also glucose and traces of ribose and mannose. The strain displayed primarily MK-9(H 4 ) at 85.8 % in accordance with values reported for the family Geodermatophilaceae (Normand, 2006) but also MK-9(H 2 ) (5.2 %), MK-8(H 4 ) (2.5 %) and MK-9(H 0 ) (3.6 %) were detected. Predominant fatty acids (>10 %) were iso-C 16 : 0 (37.6±0.5 %) and C 16 : 1 !7c (12.7±1.2 %) (a complete fatty acids composition of BMG 825 T is given in Table S1 ). The polar lipid profile comprised phosphatidylcholine, phosphatidylinositol, diphosphatidylglycerol, phosphatidylethanolamine and an unspecified glycolipid in accordance with profiles obtained for representatives of other species of the genus Geodermatophilus investigated in this study (Table 1) . Hydroxyphosphatidylethanolamine was also detected (Fig. S2) this phospholipid was also observed in Geodermatophilus brasiliensis by Bertazzo et al. (2014) . % peak area ratio are shown. †Data taken from Qu et al. (2013) . ‡The components are listed in decreasing order of quantity. §Data taken from Jin Jin et al. (2013) . ¶Only components making up !10 % peak area ratio are shown. The genomic G+C content for the novel strain was 75.7 %. The almost full-length 16S rRNA gene sequence (1370 bp) of strain BMG 825 T was determined. The 16S rRNA gene sequence analysis supported the affiliation to the genus Geodermatophilus, the strain being most closely related to G. poikilotrophus DSM 44209 T , G. siccatus DSM 45419 T , G. africanus DSM 45422 T and Geodermatophilus amargosae DSM 46136 T with sequence similarity of 99.1, 98.7, 98.5 and 98.4 %, respectively. Strain BMG 825 T together with type strains of all species of the genus Geodermatophilus were in addition placed within the same phylogenetic group by maximum-likelihood treeing (Fig. 2) . DNA-DNA hybridization values between strain BMG 825 T and G. poikilotrophus DSM 44209 T and G. siccatus DSM 45419 T were 33.7±5.8 % and 36.2±7.0 %, respectively. Other DNA-DNA hybridizations were not performed, based on the results of Meier-Kolthoff et al. (2013b) that statistically confirmed an Actinobacteriaspecific 16S rRNA threshold at 99.0 % with 1.0 % as the maximum probability of error, to get DNA-DNA hybridization values below the 70 % threshold required to confirm the species status of novel strains (Wayne et al., 1987) .
The survival rate of strain BMG 825
T after exposure to increasing doses of gamma radiation was analysed in comparison with G. obscurus DSM 43160
T . There was no significant difference between survival of strain BMG 825 T and G. obscurus. Indeed, the LD 10 of both strains was around 9 KGy (Fig. S3 ). According to this LD 10 the strain is considered as highly resistant to ionizing gamma radiation at a comparable level to the highly radioresistant bacterium Deinococcus radiodurans R1 (Battista et al., 1999; Daly, 2009 T represents a novel species within the genus Geodermatophilus, for which the name Geodermatophilus pulveris sp. nov. is proposed.
Description of Geodermatophilus pulveris sp. nov.
Geodermatophilus pulveris (pul¢ve.ris. L. gen. n. pulveris of dust, referring to the isolation source).
Colonies are black, irregular and opaque with dry surface after incubation on GYM Streptomyces medium for 5 days at 28 C. The optimum pH, NaCl concentration and temperature for growth are, respectively, pH 7.0-10.0, 0-2 % and 30-35 C. It is highly resistant to gamma irradiation. Cells are aerobic, Gram-reaction-positive, catalase-positive and oxidase-negative. Negative for nitrate reduction and denitrification, degradation of casein, tyrosine, starch, xanthine and hypoxanthine. 
